Lyme arthritis (LA), a late disease manifestation of Borrelia burgdorferi infection, usually resolves with antibiotic therapy. However, some patients develop proliferative synovitis lasting months to several years after spirochetal killing, called postinfectious LA. In this study, we phenotyped haematopoietic and stromal cell populations in the synovial lesion ex vivo and used these findings to generate an in vitro model of LA 
polymorphonuclear (PMN) leukocytes, presumably directed against the pathogen (Lochhead et al., 2017) . In patients with postinfectious LA, however, relative percentages of PMNs are lower, and percentages of mononuclear leukocytes and lymphocytes are higher, than in the infectious period. Patients with postinfectious LA also typically develop marked proliferative synovitis, which is greater than that during active infection. These differences between LA during the infectious versus the postinfectious phase are accompanied by distinct extracellular microRNA profiles in SF, showing that the nature of the arthritis is altered from an infection-induced inflammatory response to an immune-mediated inflammatory response (Lochhead et al., 2017) .
The synovial lesion in postinfectious LA is characterised by a robust Th1 inflammatory signature, a marked interferon (IFN) expression profile and suppressed expression of genes associated with tissue repair . Consistent with this finding, high levels of Th1 cytokines and chemokines in SF, including IFNγ and IFNγ-inducible T-cell chemokines CXCL9 and CXCL10, are particularly elevated (Shin, Glickstein, & Steere, 2007; Strle et al., 2017; Strle, Shin, Glickstein, & Steere, 2012) , and CD4+ T cells from SF produce high levels of IFNγ when restimulated in vitro (Shen et al., 2010; Vudattu, Strle, Steere, & Drouin, 2013) .
In B. burgdorferi-infected mice, robust IFN responses and suppressed tissue repair responses are found in joints of mouse strains that develop severe LA (Crandall et al., 2006) . In particular, Il10 −/− (C57BL/6) mice have a marked Th1 signature and overproduction of arthritogenic IFNγ by T cells Whiteside et al., 2018) . This Th1/IFNγ signature is sustained in joints of Il10 −/− mice for up to 18 weeks post infection, when B. burgdorferi are no longer detectible in joint tissue (Whiteside et al., 2018) . Thus, in humans and in Il10 −/− mice, excessive IFNγ responses may persist even after spirochetes are cleared from joint tissue.
Fibroblast-like synoviocytes (FLS) are the most abundant cell type in inflamed synovial tissue and are key effector cells in rheumatoid arthritis (RA; Noss & Brenner, 2008; You, Koh, Leng, Kim, & Bucala, 2018) . In RA, FLS are epigenetically altered and develop an oncogenic phenotype, resulting in chronic inflammation, proliferative synovitis, and joint damage (Ai et al., 2018; Bottini & Firestein, 2013; Kasperkovitz et al., 2005) . In B. burgdorferi-infected mice, synovial fibroblasts are a dominant source of IFN-inducible genes, such as Tcell chemokines CXCL9 and CXCL10 (Lochhead et al., 2012; Paquette et al., 2017) . This IFN profile is also associated with the suppressed tissue repair phenotype seen in mice with severe LA (Crandall et al., 2006 Transcriptome analysis of the synovial lesion identified a robust IFNγ expression profile as a key feature of postinfectious LA. These results are described in a companion article in this issue ). In the current study, we assessed specific cellular sources of were higher numbers of CD4+ T cells in tissue. We previously showed that CD4+ and CD8+ T cells are the most abundant infiltrating cells in LA synovitis (Steere, Duray, & Butcher, 1988) , and~50% of CD4+ T cells collected ex vivo from SF were IFNγ positive following restimulation with PMA and ionomycin (Vudattu et al., 2013) . Together, these results indicate infiltrating T lymphocytes in postinfectious LA primarily consist of a Th1 effector phenotype.
Synovial tissue from two patients with RA and one patient with ankylosing spondylitis (SpA) were available for comparative analyses.
For these three patients, the tissue was obtained years after disease onset and treatment of their arthritis with DMARD therapy. In these patients,~5-20% of total live cells isolated from tissue were T cells, which were significantly lower than that seen in postinfectious LA Figure S1 for myeloid cell and B-cell lineage gating strategies. Statistically significant differences between groups were determined by 2-tailed t test (*P < 0.05, **P < 0.01). Abbreviations: side scatter (SSC), forward scatter (FSC), natural killer cell (NK), CD3+/CD4-/CD8-double-negative T cell (DN), monocyte/ macrophage lineage (Mono/Mϕ), polymorphonuclear leukocyte (PMN), myeloid-derived dendritic cells (mDC), plasmacytoid dendritic cell (pDC), plasmablast (P.blast) 2010; Steere et al., 1988; Vudattu et al., 2013) , we showed that T cells were the most abundant leukocyte population and multiple with LA who had all received 1-2 months oral and 1-month IV antibiotic therapy prior to sample collection and were well into the postinfectious phase. SF was collected~8 months after arthritis onset (range = 3-17 months), and total arthritis duration was 17 months (range = 6-32 months). All 14 patients received DMARD therapy after sample collection, and 12 of the 14 patients resolved their arthritis following DMARDs, whereas two patients had incomplete responses to DMARD therapy and underwent synovectomies.
As comparison groups, SF from five patients with early RA (within 6 months of initial diagnosis), seven with established RA (longer than 6 months from initial diagnosis), and 12 with osteoarthritis (OA) were also analysed.
Postinfectious LA SF contained very high protein levels of IFNγ, the IFN-inducible T-cell chemokine CXCL10, as well as the cytokines TNFα and IL-6, compared with SF from minimally inflammatory OA (Figure 2 ). In addition, LA SF contained modestly elevated levels of IL-12p40, IL-12p70, IL-17A, and IL-1β compared with OA SF, but these differences did not achieve statistical significance. In contrast, SF from early RA had higher protein levels of IL-12p40, IFNγ, and CXCL10 than OA. Moreover, SF from established RA had higher IL12p70, IFNγ, IL-17A, TNFα, and IL-1β levels than OA ( Figure 2 ). Thus, in patients with postinfectious LA, the inflammatory environment in SF is characterised by strong Th1 responses, as reported previously (Gross, Steere, & Huber, 1998; Shin et al., 2007) , though some patients have moderate Th17 responses as well (Shen et al., 2010) .
In contrast, both Th1 and Th17 inflammatory profiles are often observed in RA (McInnes & Schett, 2007) .
| Abundance of HLA-DR-positive FLS in synovial tissue
FLS are important sources of inflammatory cytokines and tissuedegrading proteases in RA (Bartok & Firestein, 2010) and in murine LA (Lochhead et al., 2012) and are the most abundant stromal cell type in synovium (You et al., 2018) . Table S1 ). These results were similar to a previously published report using dermal fibroblasts stimulated with various Borrelia strains (Meddeb et al., 2016) . and presentation, NF-kappa B signalling, and innate sensing pathways, as shown in a companion article in this issue . . FLS from five patients were used in each experimental condition, and statistically significant differences were determined using Friedman's repeated measures test, with Dunn's correction for multiple comparisons (adjusted P value cut-offs indicated in figure) 2 Table S1 ).
Differential expression analysis identified 105 genes up-regulated in FLS stimulated with IFNγ+B. burgdorferi, compared with IFNγ stimulation alone (Figure 6a ). KEGG analysis revealed that among these 105 genes, 32 were associated with innate immune activation (i.e., TNF, pathogen recognition receptor (PRR), and NF-kappa B signalling pathways). Hierarchical clustering analysis of these genes using .
In this study, we found that multiple lymphocyte subsets within syno- Similar to our findings in patients with postinfectious LA, a recent study using the IL-10 knockout mouse model of persistent LA demonstrated that the arthritis is caused by dysregulated IFNγ production by CD4+ and CD8+ T cells in a TLR2-dependent manner (Whiteside et al., 2018) . Furthermore, in this model, T cells are activated during the initial stages of arthritis development when spirochetes are present in joints, and remain activated for at least 18 weeks, even when spirochetes are no longer detectible in joint tissue (Whiteside et al., 2018) . Borrelia infection, appears to play a central role in pathogenesis . In both Il10 −/− mice (Whiteside et al., 2018) and patients with postinfectious LA Based on an analysis of HLA-DR-presented peptides in LA synovial tissue (Wang et al., 2017) , we previously identified four LAassociated autoantigens: EC growth factor, matrix metalloproteinase-10, apolipoprotein B-100, and annexin A2 Crowley et al., 2016; Drouin et al., 2013; Pianta et al., 2015) . These This results in ongoing recruitment of IFNγ-producing T and NK cells, perpetuating the pro-inflammatory FLS phenotype. Lymphocytes remain activated in the inflamed synovium, even after spirochetes are no longer present, presumably due to unresolved autoimmune responses Crowley et al., 2016; Drouin et al., 2013; Pianta et al., 2015) and/or through bystander activation of infiltrating T cells (Whiteside et al., 2018) . Under these chronic conditions, 
Although the Il10

| Isolation and culturing of primary FLS
FLS were derived from synovial tissue from five patients with postinfectious LA that was removed during arthroscopic synovectomy.
Following surgery, tissue (~1 g) was minced mechanically and then digested enzymatically by incubation in DMEM medium +1 mg ml
Collagenase Type 4 for 2 hr at 37°C (Viatte et al., 2015) . Tissue homogenate was passed through a 70-μm cell strainer and rinsed in PBS by centrifugation. After washing, cells were resuspended in DMEM culture media +10% FBS, L-glutamine, essential amino acids, non-essential amino acids, 2-mercaptoethanol, and antibiotics. Cells were cultured for three passages to obtain pure FLS cell line. FLS Passages 3-7 were used for these experiments. Approximately 100-ng total RNA was recovered from stimulated FLS using an RNeasy kit (Qiagen). NEBNext Poly(A) Ultra Directional processing kit (New England Biolabs) was used to separate mRNA from rRNA. FLS RNA quality was determined using a Bioanalyzer (Agilent),
and low-quality RNA samples were excluded from this study. 
| Cytokine secretion assay
Cell supernatants were collected from stimulation of FLS, as described above. Protein levels of chemokines (IL-8, CCL2, CCL3, CCL4, CXCL9, and CXCL10) and cytokines (TNF, IFNγ, and IFNα) were determined in cell culture supernatants (1:25 dilution) using bead-based multiplex assays (EMD-Millipore) coupled with a Luminex-200 System Analyzer (Luminex).
| Statistical analysis
Differential expression analysis (custom bioinformatics R script) was used to determine differences in mRNA expression, adjusting for false discovery error using Benjamini-Hochburg correction (adjusted P value <0.05). Clustering of genes was performed using one minus Pearson correlation analysis. Other statistical analyses were performed as described in the Figure legends using PRISM v7
(Graph Pad).
